Patients undergoing haemodialysis (HD) are at high risk for healthcare-associated infections. There are scarce data on epidemiology of exit site infection (ESI) related to tunneled central venous catheter (CVC) and the most studies focused only on bloodstream infections (BSI) and were performed in developed countries. Our study aimed to provide a wide overview of ESI epidemiology in a Brazilian HD unit. We presented data from prospective surveillance carried out from March 2010 through March 2015. The overall incidence of ESI was 3.50 per 1,000 catheters-days. Risk factors for ESI were presence of diabetes and tunneled CVC implanted in femoral site (RR=1.56, 95% CI=1.35-1.89 and RR=1.62, 95% CI=1.22-1.94, p<0.05, respectively). The most frequent agents of ESI were Gram-negative (69%), mainly Serratia marcences, E coli, Proteus mirabillis, Pseudomonas aeruginosa and Klebsiela ESBL. Across the time periods, there was change in etiologic agents: Pseudomonas and ESBL agents became more frequent, while Proteus and E. coli became less frequent (p<0.05). Among Grampositive agents, 59% were resistant to methicillin. On the other hand, Gram-negative bacilli were not often multidrug-resistant. Catheter was removed in 17% due to unsuccessful treatment of ESI and it was associated with Pseudomonas (p=0.04) and BSI caused by the same agent of ESI (p=0.03). Catheter survival was shorter in ESI group (log rank=2.92, p<0.001). As conclusion, ESI rate was high on HD patients, and diabetes and femoral site of CVC were identified as risk factors for it. Catheter survival was shorter in patients who had ESI and catheter removal was associated with Pseudomonas agent and ESI plus BSI. Although Gram negative agents were more frequent, most of them were not resistant to quinolone, aminoglycoside and third generation cephalosporin. Our data suggest the routine application of topical antibiotic ointments to prevent ESI related to CVC caused by Gram negative agents.
Background
Patients undergoing haemodialysis (HD) are especially prone to acquiring healthcare-associated infections (HAI) [1] . This is due both to the dialysis procedure and to the immune suppressing effects of the underlying disease [2] . According to American data, infection is the second cause of death in patients on HD and vascular access is a major risk factor for bacteremia and hospitalization [3] .
The type of vascular access most associated with infectious is central venous catheter (CVC), which also increases morbidity and mortality rates, as well as HD cost [3] . Catheter-related infections encompass exit site infections (ESI), tunnel infections, and bloodstream infectious (BSI) [4] . There is a substantial amount of literature on this subject; however, the most papers focused specifically on BSI [4] [5] [6] .
Therefore, the National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI Clinical Practice Guidelines) discourages the use of CVC and recommends that fewer than 10% of patients should use them [7] . However, because of tunnelled CVC introduction in 1980, the number of prevalent HD patients dialyzing through CVC has progressively increased.
Randomized controlled trials have demonstrated that tunnelled, cuffed catheters are associated with lower risk of bacterial colonization, ESI, and bacteraemia compared with non-tunnelled CVC [8] [9] [10] [11] [12] . The protective effect of tunnelling and cuffing is due to the prevention of bacterial migration along the sinus tract and immobilization [9] .
Since the vast majority of studies were conducted in developed countries [4] and the epidemiology of ESI related to tunnelled CVC is scarce, data on the ESI among patients on HD in developing countries are needed. The aim of the present study was to contribute to knowledge on this issue, presenting data on epidemiology and outcome of ESI in patients undergoing HD using tunneled CVC in a dialysis unit from Brazil.
Patients and Study Design Patients
All adult patients with chronic kidney disease (CKD) stage 5 who required HD using new inserted tunneled and cuffed CVC at the University Hospital from Botucatu School of Medicine were invited to participate. Informed consent was obtained from all patients prior to their inclusion in the study and the protocol was reviewed and approved by the Research Ethics Committee of Botucatu School of Medicine. fluoroscopic guidance. Prophylactic pre-operative antibiotics were not prescribed. Inserted catheters were managed using infection prophylaxis protocols in accordance with Guidelines for the Prevention of Intravascular Catheter-Related Infections, 2011 [13] . Chest radiographs were obtained after insertion to confirm the position of the catheter tip in the superior vena cava. CVCs were dedicated only to HD and were not accessed for other purposes. Transparent dressings with controlled permeability were routinely used. The antibiotic lock used was cefazolin (10 mg/ml), gentamicin (5 mg/ml) and heparin (5,000 IU/ml) solution during the interdialytic period. The solution filled the lumen of the catheter according to the size of it (1.6, 1.9, or 2.1 ml).
Study design
At the time of inclusion in the study, demographic and clinical data were recorded. The end point of the study was epidemiology of ESI. ESI was defined as purulent exit site discharge or two out of three of exit site erythema, tenderness and induration with a positive culture [14] . Secretion was collected for culture using swab technique. Treatment was oral ciprofloxacin. The protocol was interrupted when the catheter was removed due to fistula use, change of dialysis method, transplantation, transfer of dialysis center, treatment failure of infectious, mechanical complications related to catheter and patients death.
Microbiology
Exit site swabs were obtained using sterile, pre moistened calcium alginate swabs in all suspected cases of ESI (erythema, tenderness, induration, or discharge). The swabs were streaked onto plates containing blood agar, colistin-nalidixic acid agar, McConkey's media, and mannitol-salt agar. All cultures were incubated at 35.8 °C for 48 h and examined daily for growth. Patients with suspected bacteraemia (fever greater than 37.8 °C, rigors, leukocytosis, or clinically unwell) were investigated with exit swabs and at least two sets of blood cultures (20 ml).
Statistical analysis
Data are represented as means and standard deviations or as medians and ranges. The Student's t test and Kruskal-Wallis test were used to compare parametric and nonparametric patients' characteristics, respectively. Chi-square test or Fisher was used to compare proportions. ESI rate was presented in events for 1,000 catheter-days. Cumulative infection-free catheter survivals were determined using the Kaplan-Meier method and compared using the log rank test. A multivariate Cox's proportional hazards model was also applied, which included age, sex, body mass index, diabetic status, site of CVC and time on dialysis as covariates. All data were analyzed using the statistical software package SPSS release. P values <0.05 were considered statistically significant.
Results

Patient characteristics
Total of 385 patients undergoing HD required insertion of tunnelled and cuffed CVC at the University Hospital from Botucatu School of Medicine between 1 March 2010 and 1 March 2015. All patients agreed to participate in the study and none lost to follow-up.
One hundred ninety patients (50.6 %) had ESI and 87 patients (22.6 %) had ESI and BSI caused by the same agent. The clinical and biochemical characteristics of patients who had and did not have ESI are shown in (Table 1 ). There were statistically significant differences between the two groups in presence of diabetes, albumin levels, site of catheter insertion, time on HD and time of catheterization.
Logistic regression model identified diabetic (RR=1.56, 95% CI=1.35-1.89, p<0.05) and femoral site (RR=1.62, 95% CI=1.22-1.94, p<0.05) as factor risk for ESI (Table 2) .
During the study period, 153,131 patient-days were counted. This value was equal to the sum of CVC-days. There were 530 ESI and 151 BSI episodes. The pooled ESI incidence for the study period was 3.50 per 1,000 CVC days and BSI was 0.98. There was an increase in ESI and a decrease in BSI across the time (Table 3) .
The most frequent agents of ESI were Gram-negative (69%), mainly Serratia marcences , E coli, Proteus mirabillis, Pseudomonas aeruginosa and Klebsiela ESBL (Table 4) . Across the time periods, there was change in etiology agents: Pseudomonas and ESBL agents became more frequent (p<0.05), while E.coli and Proteus became less frequent (p<0.05). Among Gram-positive agents, 59% were resistant to methicillin. On the other hand, Gram-negative bacilli were not often multidrug-resistant. Resistance to quinolones, aminoglycosides, and third generation cephalosporins was found in less than 20% and P. aeruginosa and ESBL were resistant to carbapenems in less than 10%.
Catheter was removed in 17% due to unsuccessful treatment and it was associated with Pseudomonas agent (p=0.04) and BSI caused by the same agent of ESI (p=0.03) ( Table 5 ). Catheter survival was shorter in ESI group than in patients that did not have ESI (log rank=2.92, p<0.001) (Figure 1 ).
Discussion
Vascular access is the 'Achilles heel' of HD [15] [16] [17] . Throughout the world, nephrologists are increasingly relying on indwelling dialysis catheters for long-term dialysis vascular access. In part, this trend is due to advanced patient age, the number of comorbidities, including diabetes mellitus and vascular disease, and the late age referral of patients with chronic kidney disease [15] [16] [17] [18] [19] [20] . According to the US Renal Data System (USRDS), since 1993, the use of CVC has increased from less than 10 to more than 30% of all dialysis patients [18, 19] . In recent data from Brazil, the percentage of patients who received dialysis via venous catheters increased from 10 to 15% [21] .
Catheter-related infections encompass ESI, tunnel infections, and BSI; however, BSI are the most clinically important because of their common occurrence and potential to transform into sepsis [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] .
In our study, the general incidence of BSI was 0.98 episodes/1000 CVC-days and it decreased across the periods from 1.21 in 2010-2012 to 0.71 episodes/1000 CVC-days in 2012-2015. We believe it reduced due to prevention measures implemented, mainly the use of lock therapy solution. Welcome relief also has been observed in the USRDS 2009 data with a recent decline (2006) (2007) in overall vascular access related hospitalizations due to infection, but they are still approximately two times higher than a decade before [7] .
It occurred due to several prevention measures that have favorably affected BSI outcomes. These include the use of prophylactic topical antimicrobial ointments at the catheter exit site, the use of prophylactic catheter locking solutions for the prevention of CRB, strategies for management of the catheter in BSI, and the use of vascular access managers and quality initiative programs [31] [32] [33] [34] [35] .
However, our study showed that the incidence of ESI increased across time periods from 2.3 to 4.1 episodes/1000 CVC-days. Unfortunately, no data on ESI related to CVC in patients undergoing HD are available in literature. We believe the rate of ESI increased across the time periods because no prevention measures for it were implanted. If they are implemented, we believe the ESI rate will reduce and probably, the BSI rate will decrease together.
It is somewhat surprising that epidemiological data on ESI related to CVC are so scarce because it is involved in the organisms extra luminal route and can lead to catheter-related bacteremia [36] [37] [38] . In this study, catheter survival was shorter in ESI group and its removal was associated with Pseudomonas agent (p=0.04) and BSI caused by the same agent of ESI (p=0.03).
The application of topical antibiotic ointments at the CVC exit site can be used to prevent ESI. They act as a barrier to limit the extra luminal route of organism and there are few reports on it. Some studies have shown that routine application of topical antibiotic at the CVC exit site was associated with a 75-93% reduction in the risk of BIS [31] [32] [33] .
Mupirocin povidone-iodine, polysporin triple antibiotic ointment (gramicidin + bacitracin + polymyxin B), and medical honey have been the most commonly studied substances [36] . In 2002, Johnson et al. conducted a randomized trial comparing the effect of exit site application of mupirocin vs. no ointment in 50 HD patients with tunneled catheters [39] . Mupirocin reduced the incidence of ESI (6.6 episodes/1000 CVC-days vs. 0 in the mupirocin group; p<0.05) and BSI (35% vs. 7% in the mupirocin group; p<0.01), and also increased median bacteremia-free survival from 55 to 108 days (log-rank score 7.0; p< 0.01). This improved infection-free survival was explained by a reduction in staphylococcal infection (log-rank=10.7; p=0.001) [39] .
A recent Cochrane systematic review demonstrated that mupirocin ointment reduced the risk of BSI (RR=0.17; 95% CI=0.07-0.43) and had a significant effect on catheter-related infections caused by Staphylococcus aureus [40] . Nonetheless, only polysporin ointment showed a significant reduction in all-cause mortality (RR=0.22; 95% CI=0.07-0.74), but had no effect on mortality related to infection [40] .
According to our results, mupirocin must not be used in this Brazilian dialysis unit. The most frequent agents of ESI were Gramnegative (69%) and among Gram-positive agents, 59% were resistant to methicillin. On the other hand, Gram-negative bacilli were not often multidrug-resistant. Resistance to quinolones, aminoglycoside and third generation cephalosporins was found in less than 20%. The use of topical ointments as aminoglycoside or medical honey to prevent BSI could be good options for preventing ESI and should be implanted soon.
We have to consider that the use of topical gentamicin can lead to emergence of strains resistant to gentamicin in the future. Medicalgrade honey can be another option. It has antimicrobial effects against resistant bacteria, protozoa, viruses, and fungi [41] . This is mediated by its high osmolarity, low water content, acidic pH (3.2-4.5), the generation of hydrogen peroxide upon its dilution, as well as its flavonoid and phenolic acid contents [41] . It has been shown to have equivalent efficacy as mupirocin for BSI prophylaxis [41] . Microbial resistance to honey has never been reported, also rendering it a promising future topical agent for CRB prophylaxis.
In conclusion, our study found that ESI rate has increased in our dialysis unit and that it is much more frequent than BSI. In addition, it allowed us to identify that Gram-negative bacilli are the main etiology agents and they are not often multidrug-resistant. However, most of Gram-positive agents are resistant to methicillin. ESI was an important cause of catheter removal when was associated with BSI and its agents are Pseudomonas. Above all, our data point out to the usefulness of applying topical prevent measures to aim the reduction the risk of CVC related infections and premature removal in patients with tunneled and cuffed HD catheters. Further studies are required to determine the optimal drug regimen for topical antimicrobial therapies, and its adverse effects. 
